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VOLTAGE SUPPLY INSENSITIVE BAS 
CIRCUITS 

This patent application is a divisional application of parent 
U.S. patent application Ser. No. 1 1/590,674 filed Oct. 31, 
2006 entitled “Voltage Supply Insensitive Bias Circuits’ to 
Sang Hwa Jung, and claims priority and other benefits there 
from. The foregoing 674 patent application is hereby incor 
porated by reference herein, in its entirety. 

BACKGROUND 

In various portable devices, such as cellular telephones, the 
need to provide stable DC operating conditions can be impor 
tant. To obtain Such stable DC operating conditions, a regu 
lated Voltage is often used. Such regulated Voltages are useful 
to provide stable low noise amplifiers, variable gain amplifi 
ers and power amplifiers. 

Unfortunately, certain portable devices, such as cellular 
phones and PDAs, may use a battery as it sole power source. 
Because batteries do not provide constant Voltages under 
varying conditions, electronic circuits that rely on stable DC 
Voltages may perform poorly. 

In order to compensate for this shortcoming, Voltage regu 
lating circuits, such as Low-DropOut regulators (LDOs) are 
used in conjunction with batteries. However, as the number of 
functions of portable devices (e.g., multimedia and camera) 
increase, the number of LDOS may also increase. 

Unfortunately, the number of the LDOs available to a por 
table device may be limited due to area constraints. Thus, it is 
desirable to develop bias circuitry for amplifiers that can 
provide constant bias conditions over large battery Voltage 
variations. 

SUMMARY 

In accordance with an exemplary embodiment, a Voltage 
insensitive bias circuit includes a first resistor connected 
between a power Voltage node and a Voltage divider node, a 
second resistor connected between a ground node and the 
Voltage divider node, a first bipolar transistor having a first 
base, a first collector and a first emitter, a fourth resistor 
connected between the first base and the voltage divider node, 
a fifth resistor connected between the first collector and the 
power Voltage node, a sixth resistor connected between the 
first emitter and the ground node, a second bipolar transistor 
having a second base, a second collector and a secondemitter, 
wherein the second collector is connected to the power volt 
age node, a seventh resistor connected between the first col 
lectorand the second base and a second diode having a second 
anode and a second cathode, and a third diode having a third 
anode and a third cathode, wherein the second anode is con 
nected to the second base, the second cathode is connected to 
the third anode, and the third cathode is connected to the 
ground node, wherein the second emitter provides a first bias 
output to a second circuit, the first bias output being appre 
ciably insensitive to Voltage fluctuations of the Voltage power 
node. 

In accordance with another exemplary embodiment, a Volt 
age-insensitive bias circuit includes a first bipolar transistor 
having a first base, a first collector and a first emitter, wherein 
the first base is connected to a first reference node, the first 
collector is connected to a power Voltage node and the first 
emitter provides a first bias output to a second circuit, the first 
bias output being appreciably insensitive to Voltage fluctua 
tions of the Voltage power node, a reference resistor con 
nected between the power voltage node and the first reference 
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2 
node, and a second bipolar transistor having a second base, a 
second collector and a second emitter, wherein the second 
base is connected to the first reference node, the second 
emitter is coupled to a ground node via a first diode and the 
second collector is coupled to a third transistor. 

In accordance with yet another exemplary embodiment, a 
Voltage-insensitive circuit includes a second circuit, and a 
biasing means for providing a constant bias current to the 
second circuit, the bias current being insensitive to power 
fluctuations of the Voltage-insensitive circuit. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The example embodiments are best understood from the 
following detailed description when read with the accompa 
nying drawing figures. It is emphasized that the various fea 
tures are not necessarily drawn to scale. In fact, the dimen 
sions may be arbitrarily increased or decreased for clarity of 
discussion. Wherever applicable and practical, like reference 
numerals refer to like elements. 

FIG. 1 is a block diagram of a power circuit using a power 
Voltage insensitive circuit in accordance with an illustrative 
embodiment. 

FIG. 2 is graph illustrating the relationship of bias currents 
and power fluctuations for various bias circuits in accordance 
with an illustrative embodiment. 

FIG. 3 is a schematic diagram of a power-Voltage insensi 
tive bias circuit in accordance with an illustrative embodi 
ment. 

FIG. 4 is a schematic diagram of a power-Voltage insensi 
tive bias circuit in accordance with an illustrative embodi 
ment. 

FIG. 5 is a schematic diagram of a power-Voltage insensi 
tive bias circuit in accordance with an illustrative embodi 
ment. 

FIG. 6A is a schematic diagram of a power-Voltage insen 
sitive bias circuit in accordance with an illustrative embodi 
ment. 

FIG. 6B is a schematic diagram of a power-Voltage insen 
sitive bias circuit in accordance with an illustrative embodi 
ment. 

FIGS. 7A-7F are schematic diagrams of various bias 
modulation circuits for optional use with the power-Voltage 
insensitive bias circuits of FIGS. 3-6. 

DETAILED DESCRIPTION 

In the following detailed description, for purposes of 
explanation and not limitation, specific details are set forth in 
order to provide a thorough understanding of example 
embodiments according to the present teachings. However, it 
will be apparent to one having ordinary skill in the art having 
had the benefit of the present disclosure that other embodi 
ments according to the present teachings that depart from the 
specific details disclosed herein remain within the scope of 
the appended claims. Moreover, descriptions of hardware, 
Software, firmware, materials and methods may be omitted so 
as to avoid obscuring the description of the illustrative 
embodiments. Nonetheless, such hardware, software, firm 
ware, materials and methods that are within the purview of 
one of ordinary skill in the art may be used in accordance with 
the illustrative embodiments. Such hardware, software, firm 
ware, materials and methods are clearly within the scope of 
the present teachings. 

In many electronic devices, bias circuits are used to estab 
lish stable DC operating conditions. Additionally, bias cir 
cuits can compensate for process variations and temperature 



US 7,642,841 B2 
3 

variations. While there are known bias circuits that can reduce 
an electronic device's sensitivity to supply Voltage changes, 
they tend to fail with large battery voltage variations that often 
occur with portable devices. To address this, the developers of 
the disclosed methods and systems have devised a number of 
related solutions. 

Note that in the following descriptions the terms “collector 
and emitter are used for clarity of explanation. However, 
given that for many bipolar transistors there may be little or no 
substantial difference between the base and emitter, the terms 
may be considered as interchangeable or equivalents for cer 
tain transistors in the following descriptions unless otherwise 
stated. 

FIG. 1 is a block diagram of a power circuit using a power 
voltage insensitive circuit. As shown in FIG. 1, the power 
circuit includes a power amplifier 100 having an RFinandan 
RFout node, a bias circuit 110 and a bias modulation level 
Switch 130. 

In operation, the power amplifier 100 can amplify any 
number of signals received from its RFin node to produce an 
amplified signal at its RFout node. In order to stabilize the 
performance of the power amplifier 100 in lieu of fluctuations 
of the battery power supply Vcc feeding the power amplifier 
100, the bias circuit 110 can use any of a number of special 
circuit arrangements as will be discussed below. 

In various embodiments, the bias circuit 110 can not only 
provide a stable bias current for large power Supply fluctua 
tions, but it may also provide a stable bias current for sub 
stantial temperature variations. 

Still further, in various embodiments where power may 
need to be conserved, the bias modulation level switch 130 
may be used to change the bias current from an active level to 
a lower, power-conserving level. 

FIG. 2 is graph illustrating the relationship of quiescent 
bias currents for a conventional bias circuit and the disclosed 
bias circuits for a voltage range of 3.7+0.5 volts. As shown in 
FIG. 1, the quiescent bias current for the conventional bias 
circuit can vary by an order of magnitude even for a single 1.0 
Volt change in power Supply. In contrast, using the disclosed 
methods and devices (and careful component selection), qui 
escent bias currents can remain essentially flat for the same 
Voltage range. 

FIG. 3 is a schematic diagram of an exemplary embodi 
ment of a power-voltage insensitive bias circuit 310. As 
shown in FIG. 3, the power-voltage insensitive bias circuit 
310 includes a first resistor R1 connected between a power 
Voltage node Vcc and a Voltage divider node VX, a second 
resistor R2 connected between a ground node and the Voltage 
divider node Vx, a first bipolar transistor Q1, a fourth resistor 
R4 connected between the base of the first transistor Q1 and 
the voltage divider node, a fifth resistor R5 connected 
between the collector of the first transistor Q1 and the power 
voltage node, a sixth resistor R6 connected between the first 
emitter and the ground node, a second bipolar transistor Q2 
with its collector connected to the power Voltage node, a 
seventh resistor R7 connected between the collector of tran 
sistor Q1 and the base of transistor Q2, and a second diode D2 
and third diode D3 (both forward biased during operation) 
connected in series between the base of transistor Q2 and the 
ground node. 

Note that in various embodiments where temperature com 
pensation is desired, a thermal compensation circuit consist 
ing of a first diode D1 in series with a third resistor R3 can be 
added between the first voltage divider node Vx and the 
ground node. Note that the first diode D1 is arranged to be 
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4 
forward biased during normal operation, i.e., when a positive 
Voltage of Sufficient magnitude is applied to the power Supply 
node Vcc. 

In normal operation, the bias circuit 310 can provide a 
stable bias output current to a power amplifier 320 or any 
number of other circuits regardless of large Voltage fluctua 
tions in the power Supply node Vcc. For the present example 
of FIG. 3, the emitter of transistor Q2 can provide a constant 
bias current to the base of transistor Q3, thus enabling tran 
sistor Q3 to amplify any signal presented to node Vin in a 
stable fashion. 
Note that during normal operation, the voltage of the volt 

age divider node VX can be determined by resistors R1 and R2 
(assuming no thermal compensation) or by resistors R1, R2, 
R3 and diode D1 (assuming thermal compensation). Also 
note that fluctuations in the power Supply node Vcc can cause 
proportional changes in the Voltage divider node VX. For 
example, as Vcc increases, VX may also increase causing an 
increase in both the base-emitter current and the collector 

emitter current I of the first transistor Q1. The increase of the 
collector-emitter current I can cause the voltage Vy at the 
collector of transistor Q1 to decrease. 
Now note that a rise in Vcc will also tend to cause the 

voltage at node Vy to rise given that node Vy is coupled to Vcc 
both through resistor R5 and through resistor R6 via transistor 
Q2. By carefully selecting the resistance values/ratios of 
resistors R4, R5 and R6, the relationship between the slope of 
voltage Vy vs. Vcc can be establish to be positive, negative or 
substantially flat. By selecting the resistance values/ratios of 
resistors R4, R5 and R6 to assure a flat voltage Vy slope, a 
stable output current at the emitter of transistor Q2 may be 
assured regardless of variations in Vcc. 

Further, when diode D1 and resistor R3 are added for 
thermal compensation, temperature-induced variations to the 
first transistor Q1 that might affect the bias output current can 
be compensated. For example, a drop in temperature can 
cause the base-emitter Voltage V of the first transistor Q1 to 
rise, which unchecked would cause a lowering of the collec 
tor-emitter current Io, a rise in Vy and a lowering of the output 
bias current at the emitter of the second transistor Q2. How 
ever, the same temperature drop causing an increase in the 
base-emitter V. Voltage of the first transistor Q1 can also 
cause an increase in the forward-bias voltage of the first diode 
D1. This increase in the forward-bias voltage of diode D1 can 
cause VX to rise, and when the resistive values of resistors R1, 
R2 and R3 are appropriately chosen, the increase in Vx can be 
made to track the increase in the base-emitter V. Voltage of 
the first transistor Q1. As a result, the collector-emitter current 
I Voltage Vy and the bias current at the emitter of the second 
transistor Q2 can remain constant over temperature. 

Returning to FIG. 3, it should be noted that the (optional) 
bias modulation circuit 330 may be coupled between diodes 
D2 and D3. By activating the bias modulation circuit 330, the 
output bias current can be substantially altered to a lower level 
for situations where power conservation is desired. While the 
form of the bias modulation circuit 330 may vary substan 
tially from embodiment to embodiment, FIGS. 7A-7F are 
provided as practical examples of circuits capable of appro 
priately changing the output bias current level of the second 
transistor Q2. 

FIG. 4 is a schematic diagram of another exemplary 
embodiment of a second power-Voltage insensitive bias cir 
cuit 410. As shown in FIG.4, the configuration of the second 
power-voltage insensitive bias circuit 410 can be essentially 
the same as the same lines as the power-Voltage insensitive 
bias circuit 310 of FIG.3 and therefore operate along the same 
general principles. However, unlike the power-Voltage insen 
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sitive bias circuit 310 of FIG. 3, the present power-voltage 
insensitive bias circuit 410 is coupled to the (optional) bias 
modulation circuit 330 at the base of the second transistor Q2. 
rather than between diodes D2 and D3. 

Notably the bias circuits described herein as power voltage 
insensitive circuit may also function to provide temperature 
compensation as well. That is, the diode circuit, comprised of 
diode D1 in series with resistor R3, is not the only solution for 
temperature compensation. The diode circuit is useful for 
temperature optimization when more compensation is 
required over temperature. As such, this function of the diode 
circuit function is applicable to many embodiments described 
herein. 

FIG. 5 is a schematic diagram of yet another exemplary 
embodiment of a power-voltage insensitive bias circuit 510. 
As shown in FIG. 5, the power-voltage insensitive bias circuit 
510 includes a first bipolar transistor Q1 having its base is 
connected to a first reference node Vy, its collector connected 
to a power Voltage node Vcc and its emitter providing a 
current bias output to a power amplifier 320 or other circuit. 
As with the previous examples, the current bias output is 
appreciably insensitive to Voltage fluctuations of the Voltage 
power node Vcc. Continuing with FIG. 5, the power-voltage 
insensitive bias circuit 510 also includes a reference resistor 
Rref connected between the power voltage node Vcc and the 
first reference node Vy, and a second bipolar transistor Q2 
with its base connected to the first reference node Vy, its 
emitter coupled to a ground node via a first diode D1 and its 
collector coupled to the collector of a third transistor Q3 via 
resistor Rf. Note that transistor Q2 can act as a transistor or the 
equivalent of two diodes (base-emitter & base-collector). 

Continuing, the emitter of transistor Q3 can be coupled to 
ground via resistor Re, and the collector of transistor Q3 can 
be coupled to the power voltage node Vcc via a resistor Rc. A 
first resistor R1 can connected between the power voltage 
node Vcc and a Voltage divider node Vs, and a second resistor 
(optionally consisting of resistive elements R2 and R3) can be 
connected between the ground node and the Voltage divider 
node Vs. Note that the base of the third transistor Q3 also can 
be connected to the voltage divider node Vs. 

In normal operation, the Voltage at the Voltage divider node 
Vs can be dependent on the power supply node Vcc. As Vcc 
rises, the Voltage at node Vs can increase, thus causing tran 
sistor Q3 to draw more current. As transistor Q3 draws an 
increasing amount of current, this current can be drawn from 
a first path that includes resistor Rref, across the collector 
base junction of transistor Q2, resistor Rf, across the collector 
and emitter of transistor Q3 and resistor Re. This increase in 
current through the base-collector junction of the second 
transistor Q2 will tend to lower the voltage at node Vy as the 
voltage increase at Vcc tries to raise it. The effect is that the 
Voltage at node Vy can remain flat in response to a Voltage 
increase of the power Supply node Vcc assuming an appro 
priate choice of resistor values. Accordingly, node Vy can be 
“compensated’, and the output bias current can remain stable. 

Also note that, as Vcc lowers, the Voltage at Vs can 
decrease, and transistor Q3 may draw less current. As Q3 
draws less current, current will tend to flow along a second 
path that includes resistor Rc, resistor Rf, across the collector 
and emitter of transistor Q2 and diode D1. This will tend to 
increase the Voltage at node Vy as the Voltage decrease at Vcc 
tries to lower it. The effect is that the voltage at node Vy can 
remain flat in response to a Voltage decrease of the power 
Supply node Vcc. Again, node Vy is “compensated and the 
output bias current can remain stable assuming an appropriate 
choice of resistor values. 
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6 
Again returning to FIG. 5, note that the bias modulation 

circuit 330 is connected between resistive elements R2 and 
R3. As with the previous examples of FIGS. 3-4, the exact 
form of the bias modulation circuit 330 can vary greatly while 
noting that the bias modulation circuits of FIGS. 7A-7F are 
well-suited examples of capable bias modulation circuits. 

FIG. 6A is a schematic diagram of still another exemplary 
embodiment of a power-voltage insensitive bias circuit 610. 
As shown in FIG. 6A, the configuration of the present power 
voltage insensitive bias circuit 610 can be essentially the 
same as the power-voltage insensitive bias circuit 510 of FIG. 
5 and therefore can operate along the same general principles. 
However, unlike the power-voltage insensitive bias circuit 
510 of FIG. 5, the present power-voltage insensitive bias 
circuit 610 is coupled to the (optional) bias modulation circuit 
330 at the emitter of the second transistor Q2 rather than 
between resistive elements R2 and R3. 

FIG. 6B is a schematic diagram of still another exemplary 
embodiment of a power-voltage insensitive bias circuit 620. 
As shown in FIG. 6B, the configuration of the present power 
voltage insensitive bias circuit 620 can be essentially the 
same as the power-voltage insensitive bias circuit 510 of FIG. 
5 and therefore can operate along the same general principles. 
However, unlike the power-voltage insensitive bias circuit 
510 of FIG. 5, the present power-voltage insensitive bias 
circuit 620 is coupled to the (optional) bias modulation circuit 
330 at the base of the first transistor Q1 rather than between 
resistive elements R2 and R3. 

In connection with illustrative embodiments, Voltage-in 
sensitive bias circuits are described. One of ordinary skill in 
the art appreciates that many variations that are in accordance 
with the present teachings are possible and remain within the 
Scope of the appended claims. These and other variations 
would become clear to one of ordinary skill in the art after 
inspection of the specification, drawings and claims herein. 
The invention therefore is not to be restricted except within 
the spirit and scope of the appended claims. 
The invention claimed is: 
1. A voltage-insensitive bias circuit, comprising: 
a first bipolar transistor comprising a first base, a first 

collector and a first emitter, the first base being con 
nected to a first reference node, the first collector being 
connected to a power Voltage node, the first emitter 
providing a first bias output to a second circuit, the first 
bias output being appreciably insensitive to Voltage fluc 
tuations of the Voltage power node; 

a reference resistor connected between the power voltage 
node and the first reference node; and 

a second bipolar transistor comprising a second base, a 
second collector and a second emitter, the second base 
being connected to the first reference node, the second 
emitter being coupled to a ground node via a first diode, 
the second collector being coupled to a third bipolar 
transistor, the third bipolar transistor comprising a third 
base, a third collector and a third emitter, the third emit 
ter being coupled to ground via a third resistor, the third 
collector being coupled to the power Voltage node via a 
fourth resistor and to the second collector via a fifth 
resistor. 

2. The voltage-insensitive bias circuit of claim 1, further 
comprising: 

a first resistor connected between the power voltage node 
and a Voltage divider node; and 

a second resistor connected between the ground node and 
the voltage divider node: 

wherein the third base is connected to the Voltage divider 
node. 
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3. The voltage-insensitive bias circuit of claim 2, wherein a 
Voltage increase of the power Voltage node causes an increase 
in a voltage level of the voltage divider node which is com 
pensated for by an increase of current between the second 
emitter and the second collector. 

4. The voltage-insensitive bias circuit of claim 2, wherein a 
Voltage decrease of the power Voltage node causes a decrease 
in a voltage level of the voltage divider node which is com 
pensated for by an increase of current between the second 
emitter and the second base. 

8 
5. The voltage-insensitive bias circuit of claim 1, further 

comprising a bias modulation circuit comprising at least one 
transistor and a modulation control output, the bias modula 
tion circuit adjusting the first bias output. 

6. The voltage-insensitive bias circuit of claim 5, wherein 
the modulation control output is connected to the second 
emitter. 


